A series of sedimentation basins and vertical flow wetlands (VFWs) were constructed on approximately 1.6 hectares (4 acres) of ground at a cost of $239,000 in the fall of 1998. The sedimentation basins remove metals precipitates and the VFWs neutralize acidity through neutralization (limestone) and sulfate reduction (spent mushroom compost). The system was designed to handle flows of about 450 L/minute (120 GPM) of highly acidic water (pH 2.6, 70 mg/L of iron, and an acidity of 900 mg/L) but has experienced flows ranging from 0 to 5300 L/minute (1400 GPM). The treated water has averaged pH 7.0, iron concentrations less than 1 mg/L, and no net acidity. There have been problems with aesthetics and odor complaints, and these have been dealt with. Based on our experience at this and other sites, some pre-and post-construction recommendations are provided.
Quadrangle at north latitude 40° 51' 48" and west longitude 78° 13' 24". A vertical flow wetland (VFW) was constructed by BAMR to treat the highly acidic, high metal discharges of AMD from an underground mine complex. The system is designed to handle about 450 L/minute (120 GPM) flow. However, during the last four years, we have documented flows ranging from 0 to 5300 l/minute (1400 GPM). Despite this, the system has operated very effectively. Since completion of the construction, the mine water discharge that is being treated has averaged a pH of 2.6, 70 mg/L of Fe, and 900 mg/L of acidity (as CaCO 3 ). The treated water coming out of the system has an average pH of 7.0, Fe less than 1 mg/L, and no net acidity.
Success of the System
Cold Stream System A is made up of two VFWs, an AMD collection pond, a settling pond, an aerobic wetland, and a collection channel. The ponds total about 1.6 hectares (4 acres) in area. Woodduck Chapter Trout Unlimited of Phillipsburg is actively involved in monitoring this watershed and is monitoring the quality of treated discharge at this site. Since the completion of this system, Mr. Merlin Bock, a dedicated member of this group, has collected water samples on a regular basis. The PA Department of Environmental Protection (DEP) analyzed these samples and tabulated them (Table 1) . Table 2 shows the amount of metals removed. (Table 3) .
Although Station 1 has not improved since 1995, Stations 2-4 have improved. The total numbers of taxa, the numbers of mayflies, and the EPT index (Ephemeroptera, Trichoptera, and Plecoptera) have all increased at Stations 2-4. Therefore, metal retention ponds were lined with 40 mil plastic, and other ponds were lined with on-site dense clay. A new discharge was found (0-112 L/minute, 0-30 GPM) and was routed to the constructed aerobic wetland for pre-treatment and to the VFP for final treatment. The entire project area was fenced because of its proximity to a residential area, which increased the cost of the project.
After the completion of this system in the fall of 1998, DEP-BAMR received numerous aesthetic and odor complaints from surrounding residents and their legislator. Although, this VFW passive treatment system has worked very well in removing the acidity and metals from the discharge, it is not without problems. The problems at the site have been related to aesthetic and odor complaints from surrounding residents. Flow into this system has been intermittent due to drought conditions experienced after the completion of the system. There was no flow through the system for periods of time in the late summer and early fall of 1999, resulting in stagnant conditions within the system. When flows increased significantly due to rainfall in late fall and early winter, the resulting discharge caused severe odor problems from hydrogen sulfide gas.
The topography of the area and its close proximity to many residents exacerbated the problem.
In order to address the situation, the system effluent was buried under limestone by constructing a small limestone dam at the discharge point. This seemed to at least temporarily correct the problem. Additionally, it as determined that the 1st VFW was removing most of the metals and acidity entering the system and that the partially treated influent entering the 2nd VFW is free of metals. So, compost was removed from the last VFW in an effort to remove a source of the sulfate reduction reaction. The excavated compost was used at another system in a more remote area of the watershed.
Flow into this system had been intermittent. There was no flow through the system for a period of time in the late summer and early falls of 1999, due to drought conditions in this area, resulting in stagnant conditions within the system. Mushroom compost in the VFPs was exposed during this time. When flows increased significantly due to rainfall in late fall and early winter, the resulting discharge caused severe odor problems from hydrogen sulfide gas. At sites where water has flowed continuously through the VFWs, the hydrogen sulfide odors have been much less evident.
The aesthetic complaints were partially the result of the chain link fence constructed around the site after some local residents expressed safety concerns. While some of the local residents wanted the fence, others complained about its appearance. There were also complaints that the revegetation of the site was inadequate and that the cells did not blend in well with the surrounding area. Conifers were planted around the site and shrubs were planted on the embankments to improve the aesthetics of the site. In addition, three feet of dirt was removed from the top of the second VFP so that a neighbor could see the pond from his house. (However, one local resident has continued to voice complaints about the site's appearance.) The dirt and compost was donated to the local watershed group. They used the material for another passive treatment system being constructed further downstream.
In January 2002, we tried to flush this system after a few months without flushing, and found the flush pipe clogged with grass and metal oxides. It took considerable effort to unclog this pipe. Since then, we make it a practice to flush this system on a monthly basis.
Recommendations for Improving Passive Treatment Systems
The following recommendations are based on observations made during the maintenance of these systems. Our problems have, for the most part, been related more to hydrologic issues than a failure of the systems to effectively treat water. Considerable adjustments were made after construction for our systems to operate as designed. Also, maintenance needs have been much greater than originally envisioned. However, once the "bugs" were worked out, the systems have been quite successful. Much of what we have learned has been summarized below:
Pre Design Stage.  For uniform distribution of discharges, VFPs should not be too long.

It is ideal to have separate flush ponds for each VFP. This will save lot of time to make room for flushed water and also will help in metal recovery at some future date.
 VFP systems should be located away from residential areas to avoid odor complaints.
 Roadways leading to all structures and monitoring points need to be constructed.
 A cul-de-sac or turn around should be constructed at the entrance of the system for easy exit.
 Location of level control boxes and valves should be on flat ground for easy operation.
 Tall markers should be constructed around the level control boxes and gate valves so they can be easily located during winter months.
Corrosion resistant covers and locks should be used.
 VFPs should be leak proof, preferably lined with synthetic material.
Post Construction  Stop logs used in the level control box can become coated with Fe and Al oxides.
They need to be cleaned regularly. Rubber gaskets used on these stop logs to seal the joint between two adjacent stop logs wear out and need to be replaced.
The outlet of a VFP should be submerged to avoid odor problems.
Experience has proven that all passive treatment systems need regular maintenance.
 Post-construction monitoring is needed for making performance adjustments to the system. In addition, the data provides an opportunity for feedback to modify and enhance future designs.
While it is apparent that there are many challenges when addressing AMD with passive treatment facilities, these systems are also showing great promise in many watersheds.
Biological assessments of these watersheds are documenting substantial improvements.
